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Changes of Chemical Components of Fermented Tea during Fermentation Period

Yong-Shik Kim, Goo—Hee Choi, and Kyung-Haeng Lee'

Dept. of Food Science and Technology, Chungju National University, Chungbuk 3685-701, Korea

Abstract

To manufacture the fermented tea with hygienic quality, green tea was fermented using Bacillus subtilis,
Saccharomyces cerevisiae and Lactobacillus bulgaricus and chemical composition and sensory changes were
evaluated during fermentation period. The lightness of the fermented samples decreased; in contrast, redness
and yellowness increased. Especially, the color change of the fermented tea using B. subtilis was higher than
those of control and other samples with different microorganisms during fermentation period. Chlorophyll
contents were decreased by similar level regardless of fermentation treatments. The fastest decrease of total
catechins contents were found in the tea fermented with B. subtilis and significantly reduced by increase of
fermentation period. However, total catechin contents of the tea fermented by L. bulgaricus were not decreased.
The caffeine contents of the microbial fermented teas were more decreased than that of control, even though
the decrease was slight. Sensory panelists preferred the tea fermented by B. subtilis to those of control or

other fermentation treatment.
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T 30°ColA REAIHT AlBE 19, 49, 7Y, 10Y, 15Y,
209 S HEE AYEEA AFHEALH ANH F
o] 2%7F HEE Ax AAGe A F U8 FHE
(12x21 cm, 100 ym, Samji, Ansan, Korea)el] ¥ o] H %3}
Al Aol AT

s
A

ME =N

B. subtilis, S. cerevisiae R L. bulgaricusE ©]-&3}
Bgr|ZtEE BagAgl 3wazat 1 gs 100 mLe 75
(95°C)ell 387 &=417 ¥ o (Whatman No. 2 filter
paper, Maidston, England)dle] &<} 4 mLE cell(2.0x2.3
x5.0 cm)ol] ¥ AT A2A (CM-508d, Minolta, Osaka,
Japan)Z ©]-&3}a] L'(lightness), a”(redness) @ b"(vellow—
ness)# S S43H oM AR 7F AAE EF017] Y3t AR
Z 53] oo W XS 3l Mx o] Wl A5 E FA3)
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Chlorophyll &zt EA1

QAR g as Axsty] Ystd B, subtilis, S.
cerevisiae B L. bulgaricusE Sx}ol| AEsla &ar|7d
2 2aAr7l & Son 5(11)9] Wl wleg} & chlorophyll®
TS SR = 4% 53 A5 100 mgs 100 mL
flaskell ¥ 31 80% acetone 10 mLE 78t E&-3F & 4°C9]
WA 18X T FE3AT FEHL A F(What-
man No. 2 filter paper)3t & chlorophyll a= 663 nm,
chlorophyll b= 645 nmol A4 UV-VIS spectrophotometer
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71§18 2A 9] #FF =7 (Foss NIRSystems, Laurel,
MD, USA)S A3t s SA 3 ATH12). ~2HEH %
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Caffeine &tzf 24

B. subtilis, S. cerevisiae 2 L. bulgaricusE ©]-&3}
a7k e dax g 3a e caffeine TS 48}
7] st AF F AFHME 24 A3)0 we SA 35
o & LdEVIEE Az LEA 1 g FHASH
150 mLE 7}8ke 1087 80°CollA &7 F
A 200 mL7t H=E FE&At AL AL A4
(3,000 rpm, 10 min) T 45 AE F 3] methanol
mLE 43} A7l Sep-pak cartridge(Cis, Waters, Milford,
CT, USA)d &4 2 mLE F¢ 0}"’ O]E”F 21l (meth-
anol : water, 35:65, v/v) 10 mLZ £Z3F % 045 pym mem-
brane filter2 oj¥}3le] AP gHo =z o}%‘i]-. Caffeine &
© HPLC(Series 1100, Agilent, Waldbonn, Germany)Z ©]
g3l BEAEH) ojw A}&3F columne Capeell-pak Cis
(46 mm Ld.x250 mm, 5 ym, Shiseido, Tokyo, Japan), <
2 1.0 mL/min® 2 3}o] 280 nmolA] SA 315t}
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QA TRaxE AxRsty] st B. subtilis, S.

cerevisiae B L. bulgaricusS FX}ol| 242t &3] wa A
Aom dav|ZPEE Bt & A 9 FEH e R gty
VNEEE SA3AT 7]§E AL (F)otRHHAA Y F
ARZEHY HME #5378 108 o] AAlstg e 55 3
Eyo g FHAT. = 7-}7491 Az THEar A8 30
gol 95°C2] &8 120 mL ¥o] F&3] 3% 5 &A1
ARE BRI LA AF3}e %@‘3}9\12U1 kg a)
o] hEAQI A2 HoakE AFste] vl Hrte 5 =S
sk
SAHAz|

B Ao A doJA Aab= SPSS 14.0(Statistical Pack-
age for Social Sciences, SPSS Inc., Chicago, IL, USA)
program< ARE3te] ZF AFHIE FIAHS HAFS F
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Table 1. Changes of Hunter's color value of microbial fermented tea during fermentation period
Color Treatment” Fermentation period (days)
parameter’’ 0 1 4 7 10 15 20
B. subtilis ~ 97.67+0.08"7 88.38:£0.07" 8857+0.06 8859+0.07° 89.34+0.04" 86.12+0.05" 85.41+0.04"
L S. cerevisiae  97.67+0.08"* 97.48+0.04 97.30+£0.07°° 97.02+0.04" 96.81+£0.04" 96.70+0.03" 96.79+0.05""
L. bulgaricus 9767+0.08"" 95.75+0.03" 93.63+0.02" 92.77+0.03" 9358+0.03"" 92.63+0.02" 93.12+0.05"
B. subtilis ~ -538+0.05" -3.19+0.04" -2.94+003" -259+0.07" -250+0.03" -2.25+0.02"" -219+0.02"
a S. cerevisiae  -538+0.05" -4.45+0.03" -4.12+0.03" -399+0.03" -360+0.03" -3.65+0.03" -3.63+0.02""
L. bulgaricus -5.38+0.05" -532+0.01° -537+0.01" -529+0.03C -539+0.02" -509+0.02" -5.03+0.01"
B. subtilis  1562+0.06" 39.66+0.05" 41.36+0.03" 46.02+0.06" 50.89+0.04° 53.39+0.04" 56.68+0.03""
b S. cerevisiae 15.62+0.06" 1525+0.02°" 17.22+0.05" 17.59+0.04 17.41+0.05" 17.91+0.02" 18.90+0.03""
L. bulgaricus 1562+0.06" 19.05+0.03" 21.10+0.04™ 2341+0.05" 23.11+0.03" 23.29+0.02" 23.74+0.04"*

DL degree of whiteness (0 black ~+100 white), a: degree of redness (80 greenness~ 100 redness), b: degree of yellowness (-80

blue~70 yellowness).

YFermented tea using microorganism.
YValues with different superscripts within the same a column (a—c) and a row (A-G) were significantly different (p<0.05).

Duncan’s multiple range testdl] ¢]3] A& 719 x}po] & 2= -5.32~-5.039 WH3E-& YelWth 53] B. subtilisol
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Jo 515
%3}l 2|3} theaflavins, thearubigins
2bsl FEo] EAlEtY FA4T A4S HA dota
Ao M= HE7} e wa} Fao] A

subtilisS ©)-&3}e] A %3k Tt
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AR T R A FEAE
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Table 2. Changes in chlorophyll contents of microbial fermented tea during fermentation period

BEo] we fae) wWshe

59
afof

24

A0 2 Ho} theaflavins, thearubigins 52| At
WARE Aoz BHIYT

(unit: mg%)

5 Fermentation period (days)
Treatment
0 1 4 7 10 15 20
B. subtilis  342.69+16.70“*? 152.01 £10.99"° 178.96+11.75° 183.21+9.94° 176.61£9.31° 210.20+14.10®® 182.92+13.73*

S. cerevisiae 342.69+16.70** 185.07+9.25"

170.53+£10.96™ 171.19+12.44" 184.18+11.67 122.65+19.66° 177.82+10.52"

L. bulgaricus 342.69+16.70*" 207.36+13.35"% 125.20+24.81"% 133.10+19.15"% 149.51+11.88""F 167.24 +12.42"P 182.92 +10.25"5¢

’”Fermented tea using microorganism.
PValues with different superscripts within the same a column (a-c) and a row (A-E) were significantly different (p<0.05).
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Table 3. Changes of total catechin contents in microbial fermented tea during fermentation period
Treatment” Fermentation period (days)

0 1 4 7 10 15 20

B. subtilis 134940214 13.06+0.25"*  1249+0.28" 11.86+0.28" 11.37+024°  1071+025%  11.45+0.30°7
S. cerevisiae  13.49+0.21*  1336+022**  1251+015" 12.09+0.24" 1255+0.26™  1264+024"°  12.01+0.24*°
L. bulgaricus 13.49+021**  13.00+0.22"®  13.13+0.17*® 13.49+0.20** 13.48+0.22"* 1342+023*  13.40+0.18"

1 - - :
Fermented tea using microorganism.

?Values with different superscripts within the same a column (a—c) and a row (A-E) were significantly different (p<0.05).

Table 4. Changes in caffeine contents of microbial fermented tea during fermentation period

Fermentation period (days)

Treatment”

0 1 4 7 10 15 20
B. subtilis 261+0.10""  239+0.09™  256+0.08""" 2404009  244+0.11" 2244007 2.48+0.09""
S. cerevisiae  2.61+0.10°  225+008"  234+011""  259+£011°"" 2440097 243+0.09"C  2.49+0.07*%
L. bulgaricus ~ 261+0.10" 2424010  219+0.07°C  237+0.07"  232+0.09"C  238+0.10"° 233+0.09"

D - - ;
Fermented tea using microorganism.

PValues with different superscripts within the same a column (ab) and a row (A-D) were significantly different (p<0.05).
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Table 5. Photographs of microbial fermented teas during fermentation period

Fermentation period (days)

Treatment”

- 2)
Pu-erh tea 1 4

(Control)

20

B. subtilis

S. cerevisiae

L. bulgaricus

\,

)

1 . . .
'Fermented tea using microorganism.
2 .

'Pu-erh tea was used as control to compare with fermented tea.

Table 6. Sensory test of microbial fermented tea during fermentation period

Fermentation period (days)

Sensory Treatment”
1 4 7 10 15 20
Pu-erh tea? 3.50+0.00 3.50+0.00° 3.50=+0.00 3.50+0.00° 3.50+0.00° 3.50+0.00"
Color B. subtilis 2.17:r1.17t’AA 2‘67i1‘17b: 2.67i1.17b: 2.834:1.1322 2‘9511‘17:: 2.75i1.172:
S. cerevisiae 1.1740.41° 1.17+0.41° 1.17£0.41° 1.25+0.42 1.2540.42 1.25+0.42
L. bulgaricus 1.33+0.52¢4 1.33+0.52¢4 1.33+0.52 1.42+0.49" 1.42+0.49" 1.17+0.41"
Pu-erh tea 3.50+0.00° 3.50+0.00° 3.50+0.00° 3.50+0.00 3.50+0.00 3.50+0.00°
Flavor B. subtilis 2.92i1.432‘;B 3.67i0.82"‘23 4.25i0.8832 4.50i0.632i 4.67i0.5222 4.42i0.6632
S. cerevisiae 2.00+1.10 1.42+0.49° 1.42+0.49 1.42+0.49 1.33+0.52 1.33+0.52
L. bulgaricus 2504055 2.42+0.66™ 2.50+0.63 2.33+£0.61" 2.25+0.76 2.25+0.76
Pu-erh tea 3.50+0.00° 3.50+0.00° 3.50=0.00 3.500.00 3.50+0.00 3.50+0.00™
Taste B. subtilis 3.0011.1an§ 3.08i0.493':; 4.38i0.88“B‘ 4.5810.66‘"*;‘ 4.25i0.763§ 4.08i0.66a§
S. cerevisiae 2.83+0.75" 2.17+0.82° 1.83+0.82° 1.75+0.69° 1.67+0.61° 1.75+0.69°
L. bulgaricus 2.50+0.55" 2754027 283+041"F 3254027 3.08+058"F 300055
Pu-erh tea 3.50+0.00° 3.50+0.00° 3.50+0.00% 3.50+0.00° 3.50+0.00° 3.50+0.00°
Total B. subtilis 3.0011.05:: 3.17io.932iB 3.50i0.89aiB 3.9210.9232 4.00i0,843§ 3.83i0.98‘"‘:
S. cerevisiae 1.42+0.49 1.25+0.42 1.08+0.20° 1.00+0.00° 1.00+0.00° 1.00+0.00°
L. bulgaricus 1.83+0.75" 1.83+0.75" 217117 2.25+1.08" 2.00+1.10" 2.00+1.10"

DFermented tea using microorganism.
PPu-erh tea was used as control to compare with fermented tea.
PValues with different superscripts within the same a column (a-d) and a row (A,B) were significantly different (p<0.05).
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